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' Express Mail Document No. EV627677777US Attorney Docket No. WSP233US 

Substitute Specification with changes 

SCREW CAP FOR A PRESSURIZED CONTAINER 

5 RACKGROUND HF THE INVENTION 

The present invention relates to a screw cap for containers with a threaded neck, in 
particular PET (p nl y.thvlene terenhthlate) bottles, which are designed to hold drinks containing 
CO2, with a head plate, a roughly cylindrical cap shell with internal thread, an essentially 
cylindrical imier sealing web extending from the head plate with a continuous amiular region 
10 projecting radially outwards and an outer, essentially cylindrical sealing web concentrically 
surrounding tiie imier sealing web, the maximum external radius of the imier sealing web and tiie 
minimum internal radius of the outer sealing web differing only slightly and preferably by less 
than 2 mm and in particular by less than 1 mm, and being designed to accommodate and seal the 
upper region of a bottle neck in the thus-formed intermediate space. 
15 Such a screw cap is already known from European patent application no. 98 909 299, 

filed by the same applicant as the present application and corresponding to US Patent 6,325,226 . 

This known closure has outstanding sealing properties which have resulted m 
considerable market success. It hardly seems possible to come up with any feasible means that 
would further improve tiie sealing efficiency and that is not the intention of tiie present invention. 
20 Rattier, the screw cap according to the present invention uses the same sealing principle, based 
on tiie combination of an imier seal in tiie form of a radially imier sealing web witii a cross- 
section resembling an olive, which is tiierefore also referred to as a "sealing olive", m 
conjunction witii a cylindrical outer sealing web, wherein tiie special geometry of tiie two sealing 
webs and further elements provided on tiie closure, in combination witii one anotiier, achieve tiie 

25 special sealing action. 

The known screw cap is usually used to close PET bottles which contain carbonated 
drinks. These PET bottles and in particular their threaded necks are standardized and tiiere are 
only a few standard types which are overall relatively similar to one another, although tiie 
specific dimensions of tiie corresponding closures are in each case adapted precisely to one of 

30 these respective standard types. 
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The wall thickness of the bottle neck rim of such PET bottles is mostly less than 2 and 
often even less than 1.5 mm, e.g. 1.2 mm. In order to achieve an adequate sealing action, the 
maximum external radius of the imier sealing web must be significantly bigger, i.e. by at least 
0 3 to 0 5 mm, than the internal radius of the bottle neck rim against which the imier sealmg web 
5 rests in a sealing mamier. The internal radius of the outer sealing web must simultaneously also 
be significantly smaller, i.e. mosUy by 0.5 mm or more, than the external radius of the bottle 
neck rim against which the outer sealing web rests in a sealing mamier. This means that the 
intermediate space between the imier web and the outer web is relatively slim, with typical radial 
dimensions of only 0.5 mm. Depending on the wall thickness of the bottle neck rim, it may 
10 naturally also be bigger or somewhat smaller. 

At the same time, another bead is also generally pmvided, snrrotmding the outer sealmg 
web at a distance, the internal radius of which is bigger than the external diameter of the bottle 
neck rim by less than the fluckness of the outer sealing web, which means that the outer sealmg 
web is pressed between the bottle neck rim and the bead or pushed against the bottle neck by the 
15 bead when the cap is screwed on, thereby contributing «> .he good sealmg effect. The rmter 
sealing web simultaneously Mfils a centring function, only the cooperation of all elements of the 
closure guaranteeing a surprisingly dramatic hnprovement m the sealing properties. 

These outstanding sealing properties of the known closure, of which the present invenUon 
also makes use, may nevertheless have a detrimental effect mtder extreme conditions. For 
example, extremely high p«ssures can build up in s„ch a PET bottle under extremely htgh 
outdoor temperatttres, particularly if suitably fiUed bottles are exposed to direct surirgh, 
combined with a particularly high proportion of carbon dioxide in the liquid or beverage. Thrs 
causes a very considerable strain, both on .he bottle and on the closure, and can also lead to a 
clearly visible bulging in the main body of Ute bottle. It would flie^fore seem desirable to avo.d 
25 these extremely high pressures, especially in PET bottles used for beverages. 

In view of the state of the art described above, the object of the invention is therefore to 
create a screw cap which on tf.e one hand generally preserves the outstanding sealing propemes 
of the known screw cap. even under very rough external conditions, but is simultaneously also 
capable of limiting the pressures which occur in a contamer closed with the screw cap wrthom 
30 loss of sealing fimction. 
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^p,pp ctm<MARY OF TH F tNVKNTION 
This obiec. is achieved in .ha. .he screw cap is provided wifl. 
resect Ure axial dep* .o which a bonie neck ri» pene.ates *e intermedial »P-« "^^^ 
U„,er and onrer sealhrg web, irrespective of U,e .hni.ing, achieved alone by ^^^^^ 
base of fte intermediate space, of such penetraUon of flte intermediate space by .he botUe neck 



[VlOre pM ruumanY n'w = 

^^^^^^^^^^^^^^ ^ ,0 hold drinks cntainin. CQ .J.U.m^ 

.h, i ,.»i-,r (4^ and ontrr s ealinB web {5% 
BMEFDESCBIPTMTHESE^^ . 

B,,,,^l,!mmMdii^^ 

- r,i-n -^r r - f " ^' "'"^ ^"""'^^ '" - 

. .ws an enlf T*^ '"^ d""'"" '^'""^'"f t" F.W»^ 

25 ^ .hnw. . sect ^--" -^'-ra^M of ^n-a rin-M in Figure 4 . 
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PPT Ml "'•""N OF THF. I NVENTION 

respective of their influence on reducing the internal pressure inside a bottle, 
5« -ordiHB .0 invenUon, which ac. as an axial s.op for a bottle ..eck c« 
30 ITTcap is screwed, also have an advanta^ous effect with regard to tt,e attachmen. of t,^^ 
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■ based it can happen that the closure becomes twisted when being screwed on or else an annular 
bead which may be provided externally to the outer sealing web sits on the upper thread prtch. 
The laner is particularly undesirable if the upper thread pitch is not designed for such a seatrng 
hut extends with its top end inclined relative to the closing axis. In this case, the closure can 
5 become tilted. Since tite webs according to ti>e invention are provided between the inner and 
outer scaling strips, they act as an axial stop which inrntediately leads to a sharp increase m 
torque as the closure is screwed onto a bottle neck, as soon as tire end face of the bonle neck 
reaches the webs. It goes wiflK,ut saying titat any cylindrical bead outside the outer sealing stirp 
is designed so that it does not come into contact with the fl«ead before the end face of tire bottie 
10 neck reaches the named webs. 

In principle a statically measured torque, which is determined in appropriate tests for the 
particular type of cap, is set in capping machines for every cap head. However, during the 
closing process, an additional torque occurs due to flte kinetic energy, which is to be decelerated, 
of the rapidly rotating cap head, and whilst allowance can be made for this, it varies due to 
15 mostly unavoidable fluctuations in the Ime speed, and in order to produce a sufHcientiy hrgh 
.orque even when machines are operating slowly, a correspondingly high torque value rs set 
which can then lead to the closure being slightly over-rotated when the machines are runnrng 
qmckly again. The torque which occurs when the cap is over-rotated is also referred to m the 
technical language by the English term "strip-torque". 
20 It has transpired titat the webs according to the invention perceptibly increase this .m,ue 

needed to over-rotate the closu.,, which can titerefore help to prevent over-rotation, even when 
relatively high static torque values are set. Furthermore, the sharp increase in torque whrch 
occurs when the bottle neck mouth hits tire webs accordmg to the invention can also be used to 
control the machine in order to halt the screwing-on process at the begimnng of such an mcrease. 
25 Even titough the measures according to the invention are not intended as a means of 

setting flte tighmess and safety of ti,e cap against excess pressure, or tite mentioned venting 
effect does not occur due to titc design of tite seals, the webs according to tite invention are. ftom 
the point of view of an improvement in tite properties, nevertheless useful, in view of the 
mentioned excess torque, when screwing on tiie closures by machine. 

30 
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Expedienay, the a»«t«« structu^s are designed so that a distanee of betv«en 0.5 and 
1 5 mm is left between the plane defined by the internal face of the head plate and the plane 
defined by the upper bottle neck rim, provided that, in this com^ction, the base of the 
intermediate space between the sealing webs constituting the actual reference point for the axral 
5 position of the botUe neck rim lies more or less in the inner plane of the head plate. If this .s not 
the case, the corresponding distance should be better determined relative to die plane defined by 

the base of this mtermediate space. 

In the preferred version of the presem invention, the .pparaWes sttaStyiH for lim.ttng 
U,e penetration of the intermediate space between sealing webs by the bottle neck rim consist of 

10 elevations or webs which extend into the intermediate space ftom the base of the intermedrate 
space. In this way, when the closure cap is screwed onto a bottle neck, these elevations or webs 
aet as stops for the bottle neck rim that prevent fiuther penetration of the intermediate space 
between the sealing webs by the bottle neck rim. As a result of the material and their dimensions, 
these stops are not rigid but are elasttcally flexible to a certain degree. It has proved to be 

15 expedient if the webs or elevations have an axial height (measured respectively from the base of 
the intermediate space) of between 0.3 and 2.5 mm, preferably the range of 0.5 to 1.8 mm. 

By base of tiie intermediate space is meant the section of the head plate between the 

sealing webs at its deepest point. 

The width of the webs in peripheral direction should be sufficient to permit them to act as 
20 stops and not, for their part, to be excessively elastically deformed and pushed in themselves. To 
this end, a width of the webs of 0.3 to 2 mm has proved to be useful. 

In the preferred version, several webs are distributed at roughly equal angular distances 
along the amiular intermediate space. In the preferred version of the invention, for example, six 
webs are arranged in the intermediate space, in each case at angular distances of approxmiately 
25 60° and extend in axial direction into the intermediate space by approximately 1.5 to 1.8 mm 
from the deepest base of the intermediate space. 

It has also proved to be expedient if the wall thickness of the head plate in the region of 
the intermediate space, to be more precise the minimum wall thickness of the head plate in this 
region is somewhat smaller than the wall thickness of the head plate in the rest of the region, 
30 that is to say in particular in the region immediately inside the imier sealing web. The head plate 
typically has a largely constant wall thickness of the order of 0.8 to 2.5 mm, mostly between 1 
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and 1 5 mm. and may have an additional thickness or camber at the centre, tor CKample. Tl.e 
(minimum) wall thickness of the head plate to the intermediate space between the sealtag webs .s 
expediently 10 to 50%. preferably approximately 20 to 40%. smaller than radially tos>de the 

inner sealing web. _ 

In an altemative version of the invention, the strucMes for l.m>tmg the 

penetration of the intennediate space between the im«r and outer sealing webs by the bottle neck 
rim are provided not between these sealing webs but e.g. radially outside the scaling webs. To 
Ms end, there may be provided a bead lying radiaUy outside the outer sealing web and designed 
,o ac, as a stop for the upper threaded edge of a bottle neck rim which is elastic to a greater or 
lesser degree, wherein the stop surface of the head, which runs essentially m a plane 
perpendicular to ti,e screw cap, has from the base of fl.e mtennediate space an axial distance that 
is 0 3 to 2 mm, preferably 0.5 to 1 .5 mm bigger than d>e axial distance of «« upper threaded 
edge from the upper rim surface of ti,e tt,readed neck of a botde for which the screw cap .s 
provided. 

Such a version is suitable in particutar for bottie necks, tire tt^ead of which extends over 
a considerable peripheral section m a plane perpendicular to ti,e axis of the bottle neck. In such a 
thread the upper flattened fluead edge lies over a correspondingly large peripheral poruon 
against tf,e stop surface of ti>e bead, thereby ensuring that tt.e axial position of the botde neck nm 
between tire two sealing strips is clearly defined. As a result of fl« resting eiflrer of tire fl«ad 
edge against tire s*,p sur&ce of a bead or tire bottle neck rim directly against fl,e web surfaces 
between tf>e sealmg webs, tire sealing sttips are penetrated less deeply by tire bottle neck rim than 
would be possible wifl.out correspondmg stops, fl« elasticity of the stops still penn.ttmg a 
certam scope for movement so fl«t the exact axial position of tire bottle neck betveen the sealmg 
webs in ti>e closure can still be adjusted withm certam narrower Iterits by screwing down to a 
greater or less« degree or by tire rotational position of tt» cap fl«ad relative to fl.e bottle neck 



25 

thread. 



30 



With the conventional closure, penetration by tire bottle neck rim was essentially limited 
in tiiat ti,e intermediate space between the two sealing webs became increasmgly narrow towards 
ttte head plate, which effectively produced a resistance to prevem fl.e bottle neck rim from bemg 
pushed m furti-er. This being tire case, the top edge of ti.e bottle neck was able to reach a posmon 
very close to tire toner plane of tiie head plate and lay close to tiie base of tire intermediate space 
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* between the sealing webs. As a result of the dimensions according to the invention, the bottle 
neck rim is retained at a distance of the order of 1 mm from the imier plane of the head plate in 
axial direction and at a somewhat bigger distance from the base of the intermediate space 
between the two sealing webs, provided that the head plate is of a somewhat thimier design in the 
5 region of this base than in the rest of the head plate, and thus the base of this intermediate space 
is additionally somewhat offset from the imier plane of the head plate. Naturally, the position 
relative to the imier plane of the head plate may deviate from the specified dimensions to a 
greater degree if the thickness of the head plate is modified. Ultimately, the reference point is the 
base of the mentioned intermediate space. 
10 The sealing engagement of the bottle neck rim with the two sealing webs remains 

essentially of the same quality as that of the known closure, although the sealing webs are spread 
somewhat less - particularly in the vicinity of where they rest against the head plate - than 
would be the case if the bottie neck rim were allowed to penetrate the intermediate space fiirther 
to the point at which the intermediate space is already significantly narrower, so that in this 
15 region, the outer sealing web in particular would be placed under even more tension and 
therefore provide an even better seal. 

As a result of the design according to the invention, once the internal pressure in a 
container reaches a certain point, which may be significantly above 7 bar, due to excessively 
high temperatures, some gas is able to escape from the bottle neck and between the bottle neck 
20 rim and sealing webs mitil the pressure is sufficiently reduced (specifically to a value somewhat 
below 7 bar, for example). The closure according to the invention therefore ensures that a 
sufficient and desired excess pressure is always mamtained in the container and only an 
excessively high excess pressure is relieved. This allows a smaU amount of excessive carbon 
dioxide to escape, especially if an excessively high amount of carbon dioxide was released into 
25 the liquid. Due to the fact that a sufficient excess pressure is maintained, however, the CO2 is 
completely or else largely prevented from escaping from the liquid. 

Further advantages, features and possible applications of the present invention resuh from 
the following description of a preferred version and related figures. Tli u c arc ohovm in: 

Figure 1 u m a^aal dirt tt i ui i from in oirtn. o f u t l u oui-c cnp n rtui J In& to the inv ontinn. 

30 Figure 2 u . cot i o n containing d it o ji ia tlurough the d u^ mc cap rorr o sentod in Figure 1, 

rigulu J an rnl n r cpi t"""'"" "^^^^ ^^"""'• ^ according to Figur e 1, 



7 



Figure ^ u tup ixprocen tc J pai U) i n m rtin n rrnJ . UL ^ i ^ t d uiUu i. b n t tln norlr nnH 

Figure 5 g . ct tion cnlargei i m ii t of the nr on t irclcd in Figiiro ^1 

Figures 1 to 3 show a closure cap denoted as a whole by number 10, which essentially 
; consists of a head plate 1 (also referred to as a cap base) and a cap shell 2. The cap shell has an 
internal thread 3 and a tear-off strip at its bottom edge, which is provided as a guarantee element, 
its state indicating whether the closure has already been opened. As this tear-off strip is known 
per se and not relevant to the present invention, it will not be described in more detail here. 

Two continuously amiular sealing webs 4 and 5 extend inwards from the head plate m 
D axial direction. The radially imier sealing web is somewhat stronger and also axially longer than 
the radially outer sealing web 4. The maximum thickness of the mner sealing web is e.g. 1 to 1.5 
ram and its minimum thickness is of the order of 0.8 mm, the free bottom edge being of an 
angled design at its external face, which is intended to make it easier for the imier sealing web 4 
to slide into a bottle neck. As a result of the virtually olive-shaped cross section of at least the 
5 external face of the sealing web 4, this sealing web will also be referred to in the following as a 
"sealing olive" according to a linguistic usage that has now become customary. Radially outside 
the annular sealing olive 4, there is shown a virtually cylindrical and somewhat thimier sealmg 
web 5 the free end of which is somewhat angled and romided at the internal face, which again is 
intended to make it easier for the outer sealing web 5 to slide on the rim of the bottle neck. The 
20 intermediate clearance space between the imier and outer sealing web 4 and 5 is relatively slim 
and is at most essentially no more than 1 mm or even less. The maximum radius of the imier 
sealing web differs from the minimum radius of the outer sealing web by an even smaller 
amount, this difference typically being only of the order of 0.5 mm. 

The intermediate space between the imier sealing web 4 and the outer sealing web 5 is 

25 denoted by reference number 9. 

The essential elements of the screw cap according to the invention just described are 
again shown in Figure 3 in an axial top view of the interior of the screw cap 10. The amiular and 
somewhat thicker sealing web or sealing olive 4 extending radially from inside towards the 
outside is shown and, immediately radially outside same, the intermediate space 9 as well as the 

30 sealing strips 5 immediately radially outside the intermediate space 9. Adjoining it towards the 
exterior is the cap shell 2 with the internal thread 3 and the imier bead 7. 
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In both Figure 1 and Figure 3, the webs 6 according to the invention are shown in the 
intermediate space 9 at angular distances of approximately 60°. THe section plane according to 
Figure 2 runs straight through two oppositely lying webs 6. so that the axial height of the webs 6 

is also shown in Figure 2. 

Figure 4 shows die closure cap 10 accoidmg to the mvention screwed onto a bottle neck 
a, fer as the elastic stops. Figure 5 shows another enlarged section from Figure 4. Although the 
adherence to specific dimensions is not crucial to every case, it may be pointed out that the screw 
cap according to the invention is represented essentially true to scale m these drawtogs. Figures 
1 2 and 4 showing the closure on a scale of 2:1. Figure 3 showing the closure on a scale of 5:1 
aid Figure 5 showing the section from Figure 4 approximately on a scale of 10:1 of the ortgmal 
closure It can be seen from this that the thickness D of the head plate is approximately 1.5 mm. 
whilst the thickness d of the head plate at the deepest point of the base of the intennediatc space 
6 is somewhat smdler. being e,g. l.l to 1.4 mm TTe thread 3 of the screw cap 2 is screwed onto 
the thread of the bottleneck 1 1 . to the extent that the bottle neck rim penetrates between the two 
sealing webs 4, 5 unm it rests agatost a web 6. of which a total of six stops 6 are uniformly 
distributed over the periphe^ of the mtermediate space 9. 8 denotes an ex.en>al fluting of the 
screw cap 10. the purpose of which is to provide a solid and secure grip on toe soew cap when 

unscrewing and screwing the screw cap. 

Without a,e webs or stop elements 6. the bottle neck 1 1 would be easily able to flmher 
penetrate the intermediate space 9 by 0.5 to 1 mm, the outer sealing web 5 in particular bemg 
expanded even firrther and being placed under tension, thereby resting more firmly and fghtiy 
against the bottle neck rim. The somewhat thtoner wall thickness d of the head plate in the regton 
of the intermediate space 9 also has the purpose of imparting additional elastic.ty and 
expandability to the head plate in this region, which also contributes to the finn and tight 
engagemem of the two im,er and outer sealing webs 4, 5 wifl, the bottle neck rmi. 

The webs 6 ensure that this sealing engagement is pteserved on the one hand but not 
quite as strongly as wititout the webs 6. As a result, any excessive excess pressure in the bottle .s 
relieved. Both flie bottle itself and the closure are therefore subjected to less stram. 
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Even ftough. as already mentioned, adhe«nce .0 the exact dimensions, as shown in the 
figures, does no. appear necessary, it is nevertheless to be assumed that the advantageous effeo. 
of the closure according to the invention are based on the fact that it reacts relatrve y 
ir^nsitively to tolerarrce deviations of the bottle neck and also of the actual screw cap .tsdf 
TOs is presumably due to the &c. that, in addition to its other special geometrrc fea,^. -us 
closure has elastic properties, as defined in the claims, because of ti-e material used (polyole m 
and the wall thicknesses of the sealing webs and head plate in tire region between «,e seahng 
webs, as well as the dimensions of tire stop elements or webs, which elastic pr^pert.s are 
particularly favourable to the absorption of tolerance deviations witi.o„t detrunentally affe^g 
L sealing function of the closure according to tire invention, whilst ensurmg ^ ti.e s^J^ 
some give at pressure significantly above 7 bar. The relative dimensions of ti« elements otti^ 
crew cap ^L above, as shown in the figures and in tire scales mentioned above should 
Lrefore be preserved as far as possible wititin a range of . 20%. However. d„fere„. rela 
amenslons could be use«ti and necessary in particular if the principles of the present — 
are to be applied to container closures in which container necks have consrderably d tifere m 
dimensions (in particular diffe^nt diameters and waU titickn^ses, from tire embod.ments 
represented here. 
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